SUMMARY: Experiments were carried out in an attempt to demonstrate in the chorionic cells of the chick chorio-allantoic membrane some of the interference phenomena with influenza viruses which are readily demonstrable in the allantoic cells. When a mixture of PR8 and Lee viruses was inoculated on the chorion, no interference occurred ; on the contrary, the soluble antigen titres for A and B antigen showed a highly significant positive correlation in individual eggs. Influenza virus, partially inactivated by heat or ultraviolet irradiation and shown to produce 'autointerference' in the allantoic cells, showed no such effect when inoculated on the chorion; on the contrary, a phenomenon which may be similar to that described under the name 'multiplicity reactivation ' was observed. Influenza virus completely inactivated by heat or by ultraviolet irradiation caused pronounced interference with the multiplication of large inocula of virus in the allantoic cavity; no interference was found when the same materials were inoculated on the chorion. However, there is some evidence to show that irradiated virus caused slight inhibition of the increase in infectivity which results when small doses of influenza virus are inoculated on the chorion.
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The results described in the preceding paper (Fulton & Isaacs, 1953) suggested that following inoculation of the PR8 strain of influenza virus on the chick chorion only a single cycle of virus multiplication occurred. When membranes were examined a t different times after chorionic inoculation of virus it was found that the titres of soluble antigen were high a t first, but had declined by 48-72 hr. and that this decline could be prevented by giving repeated chorionic inoculations of the same virus. In view of this finding it was interesting to see whether a state of refractoriness to influenza virus multiplication could be induced in the chorion by methods which have been found effective in the allantois.
MATERIALS AND METHODS
These have been described in the preceding paper (Fulton & Isaacs, 1953) .
RESULTS

Efect of simultanems ehorimic injection of PR8 and Lee viruses
Within the allantoic cavity PR8 (influenza A) and Lee (influenza R) viruses are known to interfere with one another. Accordingly, eggs were injected on the chorion, with a single 0.5 ml. inoculum containing equal volumes of undiluted allantoic fluids infected with PR8 and Lee viruses. Controls were inoculated with 0.25 ml. of PR8 or Lee viruses mixed with 0.25 ml. of normal Interference in the chick chorion 133 allantoic fluid. After 24 hr. incubation at 3 5 ' the membranes were harvested indi~dually, frozen and thawed three times and titrated for soluble antigen with human convalescent sera from influenza A and B infections. The controls invariably showed a reaction with the homologous type serum only. In the eggs injected with both viruses simultaneously, positive reactions occurred with both sera. The titres, like those of the control eggs, showed a very wide scatter, but far from there being any interference, the titres for A and B antigen showed a highly significant positive correlation in individual eggs (see Fig. 1 It appears, therefore, that some membranes produced high-titre and others low-titre soluble antigen, and that a single membrane reacted in a consistent manner to both viruses.
Effect of injecting eggs with partially inactivated virus
In eggs injected intra-allantoically with PR 8 virus partially inactivated by heat or ultraviolet irradiation, an auto-interference phenomenon can be demonstrated (Henle & Henle, 1948) . This is readily shown by injecting falling dilutions of the virus into eggs, harvesting after 8 days' incubation at 85' and titrating the allantoic fluids for haemagglutinin. The results of an experiment of this type with irradiated virus are shown in Fig. 2 .
With virus irradiated for 10 sec. there is a clearly marked inhibition zone in the higher concentrations of virus due to an interference effect by the inactivated virus present. With less concentrated inocula the interfering virus 134 A . hams and F . Fulton is diluted beyond its effective level, and multiplication of the active virus in the preparation is unimpeded. With virus heated a t 56' for 8 min., a slight inhibition zone was demonstrated in similar concentrations to those shown in Fig. 2 for irradiated virus; a clearer inhibition zone was demonstrable when larger inocula of heated PR 8 were used. This quantitative difference between virus inactivated by heat or ultraviolet light is in keeping with experiments by Henle & Henle (1944); we ourselves also find irradiated non-infective Virus to be a more potent interfering agent than heated non-infective virus in experiments with influenza virus grown in the allantoic cavity. When these materials were inoculated on the chorion, no inhibition pro-zone was observed. On the contrary, a phenomenon which appears to resemble that described by Henle & Liu (1951) under the name 'multiplicity reactivation' was found. The results obtained with PR8 virus heated at 56O for 8 min. are shown in Fig. 3 , in which the titre of soluble antigen obtained in individual membranes is plotted as a function of the dose of virus inoculated. the two experiments were carried out simultaneously. It will be seen that although the infectivity of the virus has dropped a thousandfold as a result of heating, the amount of soluble antigen produced by undiluted heated virus corresponded to about a tenfold dilution of the unheated PR8. It appears, therefore, that considerably more soluble antigen was produced following chorionic inoculation of a large dose of heated PR8 virus than would be expected on the basis of its egg infectivity titre.
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In slmilaz experiments with ultraviolet irradiated PR8 it was found that a proportion of eggs inoculated with undiluted virus produced more soluble and elementary body antigens than would be expected on the basis of the egg infectivity titre of the preparation. With further dilution no antigen production was detected. Effect of preliminmy injection of inactivated virus on the multiplication of influenza virus It is known from the work of the Henles and others that intra-allantoic inoculation of a large quantity of influenza virus inactivated by heat or by ultraviolet irradiation interferes with the multiplication of subsequently injected active virus. For the demonstration of maximal interference 24 hr. is an optimal interval between the two injections (Fazekas de St Groth, Isaacs & Edney, 1952). Accordingly, a number of eggs was injected on the chorion with a heavy inoculum of PR8 virus rendered non-infective by heating a t 56' for 1 hr. The dose of virus used was 2560-3840 A.D., which was known from other experiments to cause pronounced inhibition (about 95 %) of the multiplication of PR8 virus in the allantoic cavity. This inoculation was followed 24 hr. later by a second injection of PR8 virus to lo8 I.D. 50). After a further 24 hr. incubation the membranes were harvested individually and tested for the presence of soluble antigen and agglutinin. The titres were compared with those of control eggs injected a t the same time with active virus and which had not received an initial injection. No evidence of interference was found in two experiments.
A similar experiment was carried out with PR8 virus inactivated by ultraviolet irradiation. 512 A.D. of irradiated virus was inoculated on to the chorion of six eggs, and a t the same time six eggs were injected with similar material intra-allantoically. Controls were inoculated with broth-saline. All the eggs were re-inoculated 24 hr. later with 0.5 ml. undiluted PR8 allantoic fluid (containing 1280 A.D.) by the same route as the first injection and the allantoic fluids and membranes harvested after a further 24 hr. incubation. In this experiment soluble antigen and elementary body titres were measured by two techniques, and the results were essentially similar by both methods. The results by one technique are shown in Table 2 .
It is clear from these results that there was considerable interference with soluble antigen and elementary body production in the eggs injected intraallantoically with irradiated and active PR8. In the eggs similarly injected on the chorion, no interference occurred.
In the above experiments the assessment of interference was based entirely on titrations of soluble antigen and elementary bodies following inoculation of eggs with a large dose of active virus. It was of interest to see whether the small increase in infectivity following inoculation of small doses (10-100 I.D. 50) of PR8 virus on the chorion (Isaacs & Fulton, 1958) would be inhibited by a previous injection with inactive virus. Accordingly, groups of 10-day eggs were injected on the chorion with 512 agglutinating doses of irradiated and Interjmence in the chick chorion 187 non-infective PR8 virus as used in the experiment shown in Table 2 . Control eggs were injected with broth-saline. 24 hr. later the eggs were again injected on the chorion with 10 I.D. 50 of PR8 virus, and after a further 24 hr. the dropped portions of the membranes were harvested. They were ground, suspended in 1 ml. broth-saline, lightly spun and tested for infectivity by allsntoic inoculation of 10-day eggs. Eleven eggs of each group were tested in three experiments, and the results are shown in Table 8 . Table 8 shows the numbers of infective doses of virus recovered from individual membranes. In the control membranes considerable variation in the yield of infective virus was found in different eggs. This variation was greater than we had encountered earlier (Isaacs & Fulton, 1958) , perhaps due to the smaller amount of virus inoculated or to the earlier time of harvesting the membranes in the present experiments. In eggs which had been previously injected with irradiated PR8 virus, there appears to be a distinctly lower yield of infective virus. The statistical significance of this result is not easily assessed as no information is available on the type of distribution of titres in the two groups. However, the number of eggs showing detectable virus in the control group (7111) is significantly greater than in the interference group (2111) on a simple probability basis (p<0-05>0*01). This is the only evidence of an interference effect which we have observed in the chorionic cells.
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DISCUSSION
The difficulty of demonstrating interference phenomena in chorionic cells, in contrast to the ease with which they could be shown in allantoic cells, suggested a t first that there might be a greater number of sites of multiplication in the chorionic than the allantoic layer. The area of the 'dropped' portion of the chorionic layer is much less than half of that of the allantoic layer, but transverse sections of the chorio-allantoic membrane suggest that the chorionic cells may slightly outnumber the allantoic. However, this type of comparison is unprofitable since there is no means of knowing which cells in either layer support multiplication or at how many sites in a single cell multiplication of virus occurs. The slight interference effect of irradiated virus on the increase of infectivity following chorionic injection of small doses of virus suggests that the relative numbers of sites of multiplication in the chorionic and allantoic cells may not be important and focuses attention on other explanations, One unusual finding in the present experiments may throw some light on this difficulty. From Table 2 it can be shown that in interference in the allantoic cells there is a disproportionately greater inhibition of production of elementary bodies than of soluble antigen. This effect is much greater in chorionic cells injected with a large amount of active virus, so that there is an extremely high ratio of soluble antigen to elementary bodies in eggs injected on the chorion as compared with eggs injected intra-allantoically. For example, from Table 2 in egg no. 2 of the control chorionic group the ratio of total elementary body to total soluble antigen units produced is 1/20, whereas in egg no. 3 of the control allantoic group the ratio is roughly 2011 (assuming a volume of about 5 ml. of allantoic fluid). When small doses of virus are injected on the chorion an increase in the amount of elementary bodies can be inferred from the rise in infectivity which occurs. However, when large inocula (cf. Table 2 ) are used, the final yield of elementary bodies is smaller than was present in the original inoculum. That these elementary bodies are not simply remnants of the inoculum is suggested by the fact that they are not demonstrable in membranes until 4 hr. after inoculation. These facts suggest another explanation of the present results. When small amounts of virus are inoculated on the chorion the yield of elementary bodies is about 10-100 times the amount of virus inoculated, although with considerable egg variation. As the inoculum size increases, the yield increases more slowly. In support of this is the finding recorded by Fulton & Isaacs (1953) that a tenfold increase in the amount of virus inoculated corresponded to only a twofold increase in the yield of soluble antigen. Finally, with very large inocula, there is quite a low yield of elementary bodies. Presumably this inhibition is such that 'interference ' produces no further reduction in yield.
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